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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
(57) [Claim(s)] 

[Claim 1 ] The motor for transit, and the motor for P AWASUTE which generates the assistant force 
of electric power steering, In the electric-rolling-stock control unit equipped with the dc-battery used 
as the driving source of said motor for transit, and the motor for PAWASUTE, and the control means 
to which the conduction ratio of the drive circuit of said motor for PAWASUTE is changed 
according to the conduction ratio of the drive circuit of said motor for transit Said control means is 
an electric-rolling-stock control unit characterized by holding down the conduction ratio of the drive 
circuit of said motor for transit to below a predetermined value when said motor for PAWASUTE 
has generated the assistant force. 

[Claim 2] It is the electric-rolling-stock control device characterized by suspending transit when said 
motor for transit becomes below a value predetermined in the electrical potential difference of said 
dc-battery during transit in the electric-rolling-stock control device of claim 1 . 

[Claim 3] It is the electric-rolling- stock control device characterized by holding down the conduction 
ratio to the drive circuit of said motor for transit to below a predetermined value when electric 
rolling stock is running in the electric-rolling-stock control device of claim 1 in said control means 
and the electrical potential difference of said dc-battery becomes below a predetermined value. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to an electric-rolling-stock control device, and relates to the suitable electric- 
rolling-stock control device for the dc-battery fork lift truck carrying especially an electric power- 
steering control device. 
[Description of the Prior Art] 

Conventionally, in the driving gear of electric rolling stock, controlling the drive circuit of the motor 
for transit and the drive circuit of the motor for power steering (henceforth "the motor for 
PAWASUTE") by one microcomputer (henceforth a "microcomputer") is known for JP,60- 
194702, A. 

[Problem(s) to be Solved by the Invention] 

The above-mentioned conventional technique is invention for a non-man riding car, and generally, 
the non-man riding car is controlled in order to secure transit insurance, for example, so that a travel 
speed becomes 4 or less km/h. 

However, in an owner man's electric rolling stock, in a practical use phase, a travel speed must be set 
up highly, and the faults following in that case are produced. 

While steering wheel actuation is easy for the electric rolling stock which carried the PAWASUTE 
device in the first place, a steering wheel tends to be turned off suddenly conversely. Then, usually 
during high-speed transit, the steering wheel is made heavy by the PAWASUTE device for security. 
However, in the electric rolling stock which makes a dc-battery a driving source, driving the motor 
for transit at a high speed, and driving a PAWASUTE device, in order to make a steering wheel 
heavy at coincidence has large power consumption, and it has the problem that the burden of a dc- 
battery is excessive. 

If the life of a dc-battery will be contracted by dc-battery sag if the sag of a dc-battery becomes 
large, and battery voltage turns into [ second ] below the open circuit voltage of an order ** 
contactor, a contactor will cause fault, such as causing a chattering. Then, when the sag of a dc- 
battery is large, it is common to suspend the both sides of the motor for transit and the motor for 
PAWASUTE. 

However, transit not only stops, but as for suspending the both sides of the motor for transit, and the 
motor for PAWASUTE during transit, the assistant force of a steering wheel will disappear. 
Then, the thing for which this invention can associate and control the both sides of the motor for 
transit, and the motor for PAWASUTE by microcomputer control in view of the two above- 
mentioned troubles, In a list, the current of the motor for transit is large and the current of the motor 
for PAWASUTE usually mitigates the burden of the dc-battery at the time of the high-speed transit 
in owner man electric rolling stock paying attention to a small thing compared with it, And it aims at 
offering the electric-rolling-stock control unit which can suspend electric rolling stock safely by the 
time of a battery voltage fall. 
[The means for solving a technical problem] 

The motor for PAWASUTE with which the above-mentioned purpose generates the motor for 
transit, and the assistant force of electric power steering, In the electric-rolling-stock control unit 
equipped with the dc-battery used as the driving source of said motor for transit, and the motor for 
PAWASUTE, and the control means to which the conduction ratio of the drive circuit of said motor 
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for PAWASUTE is changed according to the conduction ratio of the drive circuit of said motor for 
transit Said control means is attained by holding down the conduction ratio of the drive circuit of 
said motor for transit to below a predetermined value, when said motor for PAWASUTE has 
generated the assistant force. 

Moreover, when electric rolling stock is running in the above-mentioned purpose and the electrical 
potential difference of said dc-battery becomes below a predetermined value, said control means is 
attained by stopping actuation of said motor for transit. 
[Function] 

A control means monitors continuously whether the motor for PAWASUTE is operating, and while 
operating, it controls the maximum conduction ratio which controls the motor for transit to always 
become below a predetermined value. 

Moreover, when electric rolling stock is running, the electrical potential difference of a dc-battery is 
always supervised and battery voltage becomes below a predetermined value, a control means 
generates the same conduction ratio as usual to comparatively few motors for PAWASUTE of 
electric consumption, and performs halt processing to the motor for transit. 
[Example] 

Hereafter, drawing explains a dc-battery fork lift truck and its control circuit as one example of this 
invention. 

Fig. 1 is a block diagram of the main circuit of the electric-rolling-stock control device which 
consists of this invention, and a control circuit. 

The main circuit for transit control is connected to (-) of a dc-battery 1 through the field coil 3 of the 
armature A of the motor 2 for transit, the current detector 3 1 for transit, the contactors 4 and 5 for a 
pre-go-astern change-over, and the motor 2 for transit, and the power transistor 6 which performs 
chopper control in order [ + / of a dc-battery 1 /(+)]. Moreover, the PURAKINGU diode 20 and a 
free wheel diode 21 are connected to the motor 2 for transit. 

On the other hand, the main circuit for PAWASUTE control is connected to (-) of a dc-battery 1 
through the RLC field coil 9 of the armature PA of the contactor 7 for PAWASUTE, and the motor 8 
for PAWASUTE, the current detector 32 for PAWASUTE, and the motor 8 for PAWASUTE or the 
RRC field coil 10, the power transistor 1 1 for RLCs, or the power transistor 12 for RRCs from (+) of 
a dc-battery 1 . Moreover, the PURAKINGU diode 23 and free wheel diodes 22 and 24 are connected 
to the motor 8 for PAWASUTE. In addition, the motor 8 for PAWASUTE is 2 field series motor 
with which the field coil for a RLC and RRCs has been independent. 

The configuration and actuation of a control circuit 13 which control the main circuit for these transit 
control and the main circuit for PAWASUTE control are explained. 

(+) of a dc-battery 1 is first connected to a voltage stabilizer 17 by the key switch 29, and a fixed 
electrical potential difference is supplied to each circuit. Moreover, the contactor 7 for PAWASUTE 
is supplied by the contactor injection circuit 18 in a control unit 13. 

Next, an injection of the pre-go-astem change-over switch 14 supplies the pre-go-astern change-over 
contactors 4 and 5 . 

If the accelerator which is not illustrated is stepped on, the soft start circuit 1 9 will operate, and the 
conduction ratio decision circuit 25 for transit determines and outputs the conduction ratio of the 
power transistor 6 according to the output of an accelerator. 

Conduction ratio alpha is alpha=t/Txl00[%] here, when it is the time amount t which is making it 
flow through a power transistor 6 between the fixed periods T. 
It is come out and expressed. 

A flow of a power transistor 6 flows and rotates a current to the motor 2 for transit. When the load of 
the motor 2 for transit is large, conduction ratio is controlled so that an overcurrent does not flow by 
detection of the current detector 3 1 for transit. 

On the other hand, control of the motor 8 for PAWASUTE detects the amount of torque of the 
steering wheel actuation 28 by the torque sensor 16 first, and determines the conduction ratio to the 
power transistor according to the amount of torque by the conduction ratio decision circuit 26 for 
PAWASUTE. Furthermore according to the hand of cut of a steering wheel, either the power 
transistor 1 1 for RLCs or the power transistor 12 for RRCs is chosen by the hand-of-cut distinction 
circuit 27, and it flows through a current with the conduction ratio determined in the conduction ratio 



http ://www4 . ipdl .ncipi . go . j p/cgi -bin/tran_web_cgi_ej j e 8/4/2006 



JP,2735208,B [DETAILED DESCRIPTION] 



Page 3 of 4 



decision circuit 26 for PAWASUTE. The PAWASUTE motor 8 rotates by this and the assistant 
force is generated. When the load of the motor 8 for PAWASUTE is large, conduction ratio is 
controlled so that an overcurrent does not flow by detection of the current detector 32 for 
PAWASUTE. 

Fi g. 2 is what showed the rotational frequency of the motor 2 for transit, and control of a motor 
current, and it controls a rotational frequency to become high as the accelerator opening theta 
becomes large with theta 1 and theta2. Moreover, maximum current is set up, and it controls so that a 
current does not flow any more. 

Fig. 3 is what showed the output characteristics of a torque sensor 16, and when the maximum 
output value of a torque sensor 16 is 8 V temporarily, and not moving a steering wheel, it sets up by 
considering 4V of the one half of 8V as neutrality at the time of 0-4V, and a RRC at the time of a 
RLC so that 4-8V may be outputted. Thereby, it can distinguish to a hand of cut with the output 
voltage of a torque sensor 16. 

It is what showed the control characteristic of the motor 8 for PAWASUTE, Fig. 4 does not pass a 
current to the motor 8 for PAWASUTE, when the output of a torque sensor is neutrality, but when 
there is an output of a RRC, it controls conduction ratio so that a motor current, i.e., the assistant 
force, becomes the characteristic curve of Fig. 4 . 

The control flow chart of the control circuit 1 3 in the 1st Fig, is shown in Fig. 5 . 
Each data in a microcomputer is first initialized at step 110, and the PS contactor 7 is supplied at step 
120. Next, if it distinguishes whether there is any output of a torque sensor 16 at step 130 and there is 
no output, halt processing of the PAWASUTE motor 8 will be carried out in step 230, and it will 
shift to processing of the motor 2 for transit after step 240. 

If there is an output in step 130, the output value of a torque sensor 16 will be read at step 140. It 
distinguishes whether the current value of the PAWASUTE motor 8 was read with the current 
detector 32 for PAWASUTE at continuing step 150, and this current value is over the current- 
limiting value at step 160. When having exceeded, predetermined value alpha' is subtracted to 
conduction ratio current at step 170, and when having not exceeded, in step 180, predetermined 
value alpha 1 is added to conduction ratio. It calculates at continuing step 190 for a soft start. 
Next, the hand of cut of a steering wheel is distinguished at step 200, the output destination change 
of the current according to this conduction ratio is switched to the power transistor 1 1 for RLCs, or 
the power transistor 12 for RRCs, the current according to this conduction ratio is outputted at step 
210 or step 220, respectively, and the PAWASUTE motor 8 is controlled by the result. 
Following on the above-mentioned step 210, step 220, or step 230, it shifts to control of the motor 2 
for transit. 

It distinguishes whether in step 240, the order ** switch 14 was thrown in first. If not supplied, the 
motor 8 for transit is suspended at step 250, the contactors 4 and 5 for a pre-go-astern change-over 
are made open at step 260, and processing is ended. 

If the order ** switch 14 is thrown in at step 240, the pre-go-astern change-over contactors 4 and 5 
of the direction shown at step 270 will be supplied, and an accelerator value will be read at step 280. 
And at continuing step 290, it distinguishes whether the current value of the motor 2 for transit is 
read with the current detector 3 1 for transit, and this current value is over the current-limiting value 
at step 300. When the accelerator value read in step 320 when having not exceeded is made into the 
maximum conduction ratio and it is over it, in step 310, what subtracted only alpha' from the 
maximum conduction ratio is set up as the maximum conduction ratio. Next, in step 330, the 
conduction ratio of the soft start according to the set-up maximum conduction ratio is calculated, and 
the result of an operation is outputted to the power transistor 6 for transit at step 340. 
PAWASUTE control and transit control are attained by repeating processing of step 340 **** from 
the above-mentioned step 130. 

Fig. 6 expresses the output of the torque sensor 1 6 for changing PAWASUTE control with the 
conduction ratio alpha of the motor 2 for transit, and the current characteristic of the PAWASUTE 
motor 8. As shown in drawing, when the rotational frequency of the transit motor 2 is large here (a 
rate is size), it sets up so that the assistant force may be made small. 

Fig . 7 is a flow chart in the case of changing PAWASUTE control with the conduction ratio alpha of 
the motor 2 for transit. This flow chart adds processing of step 151 between step 150 and the step 
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160 of Fig. 5 . 

At step 1 5 1 , a current characteristic as shown in Fig, 6 can be acquired by dividing the output value 
of the torque sensor 13 read in step 140 by the constant k according to the conduction ratio alpha of 
the transit motor 2, and showing it so that there may be no output of a torque sensor 16. By 
performing such processing, the conduction ratio (rate) induction mold electric PAWASUTE system 
of the transit current machine 2 is made, and the optimal assistant force is acquired. 
When the electrical potential difference of a dc-battery 1 is below a predetermined value, Fig. 8 
moves only the PAWASUTE motor 8, is a flow chart in the case of stopping the motor 2 for transit, 
and inserts step 271 and step 272 between step 270 of Fig. 5 , and step 280. 

After supplying the pre-go-astern change-over contactors 4 and 5 at step 270, the electrical potential 
difference of a dc-battery 1 distinguishes whether it is below a predetermined value at step 271 . If it 
is below a predetermined value, halt processing of the motor 2 for transit will be performed at step 
272, and if it is not below a predetermined value, drive processing of the usual motor 2 for transit 
will be performed. 

If sag becomes large using a dc-battery, the life of a dc-battery will be contracted, and if it becomes 
below the open circuit voltage of an order ** contactor, a contactor will cause fault, such as causing 
a chattering. Therefore, it controls not to operate transit and a PAWASUTE motor generally. » 
However, generally, the current of the motor for transit is large and the current of the motor for 
PAWASUTE is small. That is, if the motor for transit is stopped, the burden to a dc-battery will 
decrease greatly. 

Then, if battery voltage becomes below a predetermined value, the motor for transit will be 
suspended and the motor for PAWASUTE will be operated preferentially. Although a car is 
completely suspended greatly [ the burden to a dc-battery ] by doing in this way when both sides are 
moved to coincidence, only the motor for PAWASUTE with comparatively small power 
consumption can be operated, and the burden to a dc-battery can be mitigated greatly. 
Fig. 9 is a flow chart for restricting the conduction ratio (rate) of the transit motor 2 to below 
constant value, when the PAWASUTE motor 8 is rotating. This adds step 321 and step 322 between 
step 310 of Fig. 5 or step 320, and step 330. 

After setting up the maximum conduction ratio at step 310 or step 320, whether the motor 8 for 
PAWASUTE rotating at step 321 and the conduction ratio alpha 0 which will hold down the vehicle 
speed to below a predetermined value if it is distinguishing and rotating are set up as the maximum 
conduction ratio. 

When PAWASUTE operates by the above-mentioned processing, a rate does not become beyond 
default value, but safety can be raised more. 
[Effect of the Invention] 

According to this invention, when PAWASUTE is operating, the excessive burden to a dc-battery 
can be suppressed by having constituted so that the vehicle speed might be held down to below a 
predetermined value. 

Moreover, by having constituted so that only the motor for transit might be suspended at the time of 
the battery voltage fall under transit, the assistant force of a steering wheel cannot be spoiled but it 
can stop safely more. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

The dc-battery fork lift truck which is one example of this invention Fig. 1 And an electric block 
diagram, Fig. 2 the transit control characteristic Fig. and Fig. 3 The torque-sensor output- 
characteristics Fig., Fig. 4 the PAWASUTE control characteristic Fig. and Fig. 5 The control flow 
chart, A control flow chart in case a PAWASUTE control characteristic Fig. when Fig. 6 takes a 
travel speed into consideration, and Fig. 7 carry out the property of Fig. 6 , A control flow chart 
when battery voltage falls, in case Fig. 8 gives priority to PAWASUTE control, and Fig. 9 show the 
control flow chart when limiting a travel speed during PAWASUTE control operation. 

1 [ .. A power transistor, 8 / .. The motor for PAWASUTE, 11/.. The power transistor for RLCs, 
12 / .. The power transistor for RRCs, 13 / .. A control unit, 16 / .. Torque sensor. ] .... A dc-battery, 

2 .. 4 The motor for transit, 5 A front go-astern change-over contactor, 6 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Fig^6] 
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[Translation done.] 
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